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CHAPTER I 
 
INTRODUCTION 
 
 In the course of walking within our neighborhoods and larger communities most 
individuals are able to keep track of the positions of incidental environmental features 
such as houses, driveways, sidewalks, and streets with little apparent effort. This may not 
be the case, however, for many individuals born without vision. Previous research 
demonstrates that while walking within environmental spaces, some people who are 
congenitally totally blind do not perceive their positions relative to the many objects and 
locales they encounter while exploring their immediate surroundings. 
 When individuals are unable to keep track of environmental features while 
walking, independent travel to destinations may be limited to narrowly defined routes. 
Deviations from any given route may result in becoming lost. As a result, anxiety and 
stress during ongoing travel experiences may occur whenever these individuals travel 
independently. Stress and anxiety may interfere, not only with the maintenance of 
orientation while traveling, but with problem solving if they become disoriented. 
Why is it that many people who have not experienced vision or who lost it very 
early in life have difficulty keeping track of their positions relative to environmental 
features as they move from place to place? The hypothesis motivating this study is: When 
negotiating environmental spaces, some individuals who are congenitally totally blind 
employ inefficient strategies for representing space. That is, some of these individuals 
may represent environmental space in ways that do not provide immediate access to 
information about the relative position of the objects.  They may construct mental 
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representations that lack 2-dimensional spatial characteristics. For example, 
environmental space may be represented as an ordered list of landmarks and directions to 
a given destination. Some people may construct mental representations containing spatial 
characteristics that are limited to one dimension. For example, they may employ an 
ordered list of landmarks and directions to a given destination and spatially represent 
only those points along a route that are encountered while moving in one direction. In 
contrast, individuals with previous visual experiences seem to construct mental 
representations that are at least two-dimensional in character. That is, information about 
both distance and direction of landmarks are represented along two dimensions.  
Two-dimensional representations make available, simultaneously, information 
about the positions of widely dispersed environmental features. Representations lacking 
spatial characteristics make available information about distance and direction of 
environmental features sequentially. Thus, only the position of landmarks directly behind 
or in front of a traveler may be quickly identified. The positions of environmental 
features not directly behind or in front may be less easily ascertained. Two-dimensional 
representations, then, provide more comprehensive information about the environmental 
spaces through which we travel.   
 Although some people who are congenitally totally blind may not use two-
dimensional spatial representations when traveling, evidence, which will be reviewed in 
more detail in chapter three, suggests they do under other circumstances. For example, 
when performing tasks that involve perceiving and representing the shapes of objects 
they represent those objects along multiple dimensions (Carpenter & Eisenburg, 1978; 
Kerr, 1983; Marmor & Zaback, 1974). It is reasonable to conclude, therefore, that people 
who are congenitally totally blind can learn to apply a strategy employing two-
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dimensional spatial representations and should they do so, then spatial learning and 
orientation will improve. 
 The structure of one’s mental representation may not be the only characteristic 
affecting one’s ability to navigate within environmental spaces, however. Two related 
cognitive skills might also influence the ease with which individuals navigate. These are 
(a) the facility with which individuals are able to use a mental representation to keep 
track of their position while moving within the environment; and (b) the flexibility with 
which they access mental representations of varying perspectives.   
 The purpose of this research is twofold. The first is to investigate the 
characteristics of mental representations constructed by individuals who are congenitally 
totally blind as they travel from place to place. The second is to assess the effectiveness 
of a strategy employing a two-dimensional spatial representation for maintaining spatial 
orientation for both these individuals and individuals with normal but occluded vision. 
The questions specifically addressed by this study are:  
1. Do individuals who are congenitally totally blind construct mental 
representations of highly familiar environments that preserve the 2-
dimensional properties of the physical space? 
2. When navigating within environmental spaces are individuals with and 
without previous visual experiences assisted by mental representations of 
spaces that are at least two dimensional in structure? 
3. What effect do rotations versus translations have on the accuracy of one’s 
spatial representation and concomitantly one’s orientation? 
To answer these questions two experiments were conducted. In Experiment I, two 
groups of participants, congenitally totally blind and blindfolded sighted individuals 
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walked routes in a novel environment under two conditions: an imagined surround and a 
virtual ganzfeld. When employing representations of an imagined surround, participants 
were instructed to imagine the positions of objects as they occurred in a familiar setting 
and to navigate within the experimental site as though the objects occupied the same 
positions within the site. When functioning under a virtual ganzfeld, the participants 
received no prior instructions to assist them in maintaining orientation. In both 
conditions, participants walked the routes as they normally would--that is, they translated 
and rotated as they walked, or they translated only, meaning that they walked the routes 
while maintaining their initial headings.  
In Experiment II, only the individuals who were congenitally totally blind 
participated. They walked the routes while imagining that they were navigating within a 
Braille cell. The objective of using the Braille cell was to induce them to use a 2-D spatial 
representation. They walked the routes under the same two movement conditions--that is, 
they either translated and rotated or they translated alone as they walked within the 
imagined Braille cell.  
The paper is organized as follows: First, hypotheses about mental representations 
and their effect on orientation performance when navigating within locomotor space are 
discussed. Second, two characteristics of spatial representations that may contribute to a 
decrease in orientation performance are described. Third, two experiments that were 
conducted to address the question previously posed are described. And last, conclusions 
and implications for practice are discussed. 
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CHAPTER II 
 
MENTAL REPRESENTATIONS OF LOCOMOTOR SPACE FACILITATE 
ORIENTATION PERFORMANCE IN THE ABSENCE OF VISION 
 
 In most instances, individuals with normal vision seem to effortlessly keep track 
of their movement within locomotor space or the space through which they walk, run, or 
otherwise ambulate. They do this even when visual information is inaccessible.  Mental 
representations of locomotor space are hypothesized to support this ability to keep track 
of where we are relative to surrounding environmental features. Rieser and Frymire (as 
cited in Rieser, 1999) confirmed this hypothesis by assessing the path integration skills of 
blindfolded individuals who walked along paths consisting of three to four turns. Path 
integration is Euclidean knowledge of one's point of origin following movement along 
paths comprised of varying distances and directions (Etienne, & Jeffery, 2004; Klatzky, 
Beall, Loomis, Golledge, & Philbeck, 1999). No visual, tactile, or auditory information is 
available to the individual while traveling; as a result, the participants gain sensory 
information about the paths traveled via kinesthetic and vestibular input alone.   
In the Rieser and Frymire (as cited in Rieser, 1999) study, the participants walked 
along paths consisting of three to four turns. They did so under three conditions: a 
"virtual ganzfeld" condition, a sighted condition, and an imagined surround condition. In 
the virtual ganzfeld condition, blindfolded participants acquired no prior knowledge of 
the environment through which they walked. In the sighted condition participants viewed 
their surroundings before walking the paths under blindfold. In the imagined surround 
condition blindfolded participants imagined they were walking within a familiar setting 
as they negotiated the various paths with no visual input. After completing each route, the 
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participants were asked to point to their starting positions. Those individuals who 
constructed mental representations of a real or imagined environmental space performed 
significantly better than did those individuals in the virtual ganzfeld condition.  
The results of this study indicate mental representations of environmental space in 
the form of spatial images facilitate the orientation performance of individuals when 
walking without visual input. Rieser and Pick (2002) hypothesized that it does so by 
providing a two-dimensional framework against which one's own movement can be 
perceived. When individuals move within a represented space, they are able to use the 
position of the objects represented to keep track of their own movement. If individuals 
who are blind do not mentally represent the position of multiple-objects in two-
dimensions, their ability to keep track of their movement may be limited. 
 
What are Mental Representations 
and How do They Affect Performance on Locomotor Spatial Tasks? 
 
 Mental representations are internal representations generated from information 
acquired via the senses. According to Anderson (1985) mental representations of 
environmental spaces are hypothesized to take two forms, sequential orderings and 
spatial images. Sequentially ordered representations are separated into discrete intervals 
or units. The underlying organization of these intervals is based on the order in which 
they occur over time rather than over space. Spatial representations are not divided into 
discrete intervals; rather than consecutively, all points are represented simultaneously 
across two-dimensional space. 
 Spatial and sequentially ordered representations share some characteristics. For 
example, both spatial and sequentially ordered representations include information such 
as the identification of places located along routes, the length of each route segment and 
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points along which directional changes take place (Carreiras & Codina, 1992). However, 
differences in the way this information is organized can have substantial effects on 
performance. Spatially arranged information is organized across two-dimensional space 
permitting almost simultaneous access to information about the relative positions of 
landmarks within the space. In contrast, sequentially ordered representations, rather than 
spatially arranged ones, are organized successively as they occur over time and are 
accessed accordingly. So, for example, one knows what comes before and after a 
landmark along a given route, but not the distance and direction of the landmark relative 
to any other landmarks. Information about the relative position of places, therefore, may 
not be immediately accessible. 
 Several researchers have attempted to identify how individuals who are 
congenitally totally blind represent environmental spaces. Although there are exceptions, 
much of the research suggests these individuals employ strategies involving the 
construction of representations that are sequentially ordered rather than spatially 
arranged. For example, Fletcher (1980) studied the ability of 21 congenitally blind 
children and 21 blindfolded sighted children, ages, 7-18, to synthesize information 
acquired through guided or self-exploration of a room or model of a room. After 
exploring the furnished rooms, the children were asked questions about the arrangement 
of the furnishings. The questions were designed to illicit responses reflecting either route-
type (sequentially-ordered) or map-type (spatial) mental representations of environmental 
space. An example of a route-type question was “If you walked along the wall with the 
poster on it, what would you come to after the chair?” (Fletcher, 1980, p. 383). An 
example of a map-type question was “ What was on the opposite corner of the room to 
the table?” (Fletcher, 1980, p. 383). 
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The children who were congenitally blind correctly answered more route-type 
questions than map-type questions. The blindfolded sighted children demonstrated no 
difference in response to the two types of questions. The results of the Fletcher study 
suggest that some children who are congenitally blind represent environmental spaces 
sequentially rather than spatially. 
 In another study, 10 high school students who were congenitally blind and 10 who 
were partially sighted built physical models of their school campus (Casey, 1978). Most 
of students who were partially sighted constructed well-organized models reflecting an 
accurate understanding of the spatial arrangement of the buildings on campus. The 
models of the campus constructed by students who were congenitally blind were less 
coherent; the elements were organized into discrete sets of objects that were unrelated to 
each other.  
Casey did not analyze whether the arrangement of grouped buildings was 
organized in a manner reflecting the route traveled by each individual as he or she 
attended classes. The arrangement of the buildings constructed by the students suggests 
this may be the case. Like Fletcher’s (1980) study, Casey’s study also suggests the 
representations constructed by these individuals are sequentially ordered along routes 
rather than spatially arranged. 
Information about environmental space that is arranged sequentially rather than 
across two-dimensions of space limits timely access to information and thus the 
performance of individuals who employ them. How might a spatial representation of the 
environment facilitate orientation performance? A spatial representation may provide a 
framework against which one’s movement can be perceived. To better understand how 
this might occur, consider how information derived from locomotion, in concert with 
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sensory information about the position of objects relative to each other and to ourselves, 
provides information from which a two-dimensional mental representation of 
environmental space can be constructed. 
 
Kinesthetic and Visual Perception of Locomotor Space 
 James Gibson (1958) developed the theory of optic flow to explain the method by 
which we learn to understand our changing relations to objects as we move within 
locomotor space. When observed from different positions, the surface of objects project 
different size and angular views according to the laws of projective geometry (Gibson, 
1966). "Self-to-object distances and directions change at varying rates, depending on the 
rate of locomotion, self-to-object distance, self-to-object elevation, and direction of 
walking relative to the target positions" (Gibson, 1966, p. 176-77). For example, as we 
walk away from a building we are aware of its changing distance and direction relative to 
our own positions as we move. It is the perception of these relations that permit us to 
construct two-dimensional representations of both, the location of environmental 
features, and ourselves within that environment. Furthermore, the perception of these 
relations enable us to keep track of our own positions among those same environmental 
features as we move.  
Although individuals who are congenitally totally blind do not have visual input 
from which to construct the spatial arrangement of landmarks, it is possible they can do 
so via their other senses. It is also possible they can learn to use that spatial representation 
to keep track of where they are. However, as will be discussed in the following section of 
this paper, the facility with which a spatial representation of the environment provides a 
framework against which movement can be perceived may be limited. The potential 
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usefulness of the representation depends on the flexibility with which observers are able 
to represent the position of objects from varying perspectives while moving from place to 
place. 
 
The Effect of Locomotion on One's Representation of Environmental Space 
When individuals move from place to place within the environment, their spatial 
representations spontaneously change to reflect their orientation (Rieser & Pick, 2002; 
Rieser, (1999). To illustrate, blindfolded participants with visual experiences pointed 
more accurately and more quickly to the location of objects when they had actually 
moved to novel locations rather than imagined moving. (Rieser, Guth, & Hill; 1986, 
1982) When they moved, the participants’ responses were equivalent to those obtained in 
the baseline phase of the experiment when they had initially pointed at the targets from 
their learned positions.  Their responses suggest representations of the environment were 
updated as they moved from one place to another. When they imagined they occupied a 
new position but could not move to that position, their responses were both slower and 
less accurate suggesting representations of varying perspectives are not as easily achieved 
when one is stationary.  
Rieser (1999) postulated this occurs because one’s spatial representation is 
coupled with kinesthetic information that results from movement to places within the 
environment. Thus, as an individual turns, his or her spatial representation reflects each 
new perspective. Rieser (1999) suggests it is this spontaneous coupling of the two sources 
of information that supports navigation in the absence of visual, tactual, and auditory 
information.  
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The coupling effect of the two sources of information was not evident in the 
results obtained by the participants who were totally congenitally blind (Rieser, Guth, & 
Hill; 1986, 1982). Rather, they performed poorly in both the locomotion condition and 
the imagination condition, suggesting they had not constructed 2-dimensional spatial 
representations. The participants may have constructed sequentially organized mental 
representations when traveling or, perhaps they constructed spatial representations that 
were only one-dimensional in depth. Other possibilities are they constructed spatial 
representations but did not couple their movement with the representation as they 
navigated the paths or they constructed a representation in retrospect.  
As described in the next section, research demonstrates that under certain 
conditions spatial representations constructed by individuals with normal vision do not 
readily change to reflect alternate views of the environment. The limitations indicated in 
these experiments may be a factor in the performance of individuals’ who are 
congenitally blind.  Such constraints may provide clues as to the character of the mental 
representations constructed by these individuals.  
 
The Effect of Perspective on Orientation 
 The effect of one’s mental representations on orientation performance suggests 
that under certain learning conditions, spatial representations may be biased in one 
direction (Easton & Sholl, 1995; Mou,  McNamara, Valiquette, & Rump, (2004); Presson 
& Montello, 1994). For example, an environment may be learned via a fixed perspective, 
as when one uses a map with north at the top, or when a scene is viewed from one 
position or perspective. Under these circumstances the spatial representation constructed 
may be biased in the direction the subject matter was initially viewed. In other words, the 
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orientation of the spatial representation that is in effect when originally viewed may resist 
alteration. Under these circumstances, when observers execute a task demanding they 
make judgements about perspectives that are not aligned with the space as was 
represented then judgments are both slower and less accurate.  
 To illustrate, participants with normal vision learned the arrangement of objects 
observed visually from one perspective (Rieser, 1989). They were then asked to point to 
each of the objects while wearing a blindfold. Next, they were instructed to point to each 
of the objects under two conditions: (a) after imagining they had rotated in place and 
were facing in a different direction, and (b) after imagining that they had translated to a 
new position that was adjacent to one of the objects. In this latter condition they 
maintained their original heading while imagining themselves occupying the new 
position. No change in perspective was demanded to complete this task. A change in 
perspective was, however, required to complete the former task.  
 If the spatial representation constructed was not biased in the direction from 
which it was initially viewed, then the two conditions should have resulted in similar 
outcomes. However, significant differences in responses were found. The participants 
took less time and produced smaller errors when imagining that they had translated to a 
new position than they had when they imagined rotating to a new position. This research 
suggests that when one constructs a two-dimensional representation of a scene viewed 
from one perspective, the representation is sufficient as long as one’s current heading is 
the same as that which is represented. Because this was the case when the participants 
translated, their responses were equivalent to those produced in the baseline phase of the 
experiment.  
In contrast, when they imagined they occupied a position with a perspective not 
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aligned with their current representation, as when they were instructed to imagine 
rotating in place, they were slower and less accurate. This task, which required 
participants to employ a different perspective, demanded additional processing time. 
These results suggest the spatial representation in effect was not sufficient for the 
successful completion of the task. Participants may have used other means to solve the 
problem. For example, they may have tried to calculate the difference that would result 
from the new movement, or the participants may have attempted to manipulate the 
representation that was in effect so that it reflected the viewpoint demanded of the task.  
In any case, latency and accuracy measures suggest these strategies were less easily 
executed.    
These outcomes demonstrate that when the spatial representation reflect one’s 
current point of view, physical movement in the form of translations is not necessary for 
the perception of spatial relations within that space even when imagining those relations 
from a novel position. This is not the case when rotations are considered, however.  
Rieser (1989) also investigated the consequence of imagined rotations and 
physical rotations on one’s perception of space. As before, participants viewed and then 
pointed to objects in the baseline condition. Subsequently they were instructed to imagine 
rotating in place or they were physically rotated in place and asked to point to the objects. 
Significant differences were found. Physical rotation resulted in greater accuracy and 
faster latencies, while imagined rotations had the opposite effect. The results obtained by 
the participants demonstrate the facility of locomotion in maintaining orientation. When 
an individual is permitted to turn when completing an orientation task, the spatial 
representation in effect at that moment in time is free to vary with the orientation of the 
observer.  
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People with normal visual functioning construct at least two-dimensional mental 
representations of environmental spaces that spontaneously change to reflect the 
perspective of the viewer as he or she navigates within that environment. However, on 
certain tasks the spatial representation may be biased in the direction in which the 
environment was learned. This latter circumstance may provide an explanation for the 
performance of individuals who are congenitally totally blind. 
Some individuals who are congenitally totally blind may construct two-
dimensional spatial representations of the environment but they may do so in retrospect. 
However, if this is the case, they do not couple kinesthetic input about movement with 
the constructed representation. Therefore, the representations constructed may be 
resistant to change. These individuals may perform better when the spatial task reflects 
the orientation of the representation as constructed and more poorly when the spatial task 
does not reflect the orientation of the representation. One goal of this study is to examine 
responses of these individuals to determine if such effects are evident.  
In summary, when individuals navigate within environmental spaces, the 
employment of spatial representations seems to facilitate orientation performance. The 
construction of a spatial representation, in itself, however, may not result in orientation, 
rather, it is the coupling of kinesthetic information with that spatial representation which 
provides more immediate access to information about their own positions within the 
environment. Research demonstrates that for stationary individuals, the use of spatial 
representations for orientation may be constrained by the flexibility with which 
individuals are able to access spatial representations of varying perspectives. Individuals 
who are congenitally blind may need to learn to construct spatial representations and 
perceive their movement relative to that representation as they negotiate paths of travel. 
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CHAPTER III 
 
CAN INDIVIDUALS WHO ARE CONGENITALLY TOTALLY BLIND ACHIEVE 
DYNAMIC SPATIAL ORIENTATION WHEN WALKING WITHIN THE 
ENVIRONMENT? 
 
 While walking within the environment, the spatial learning and orientation of 
individuals who employ two-dimensional spatial representation are accurate, rapid, and 
flexible. Many individuals who are congenitally totally blind seem to rely on sequentially 
ordered representations or possibly those that are one-dimensional in depth. These 
individuals perform more poorly than their sighted counterparts who construct two-
dimensional spatial representations.  
Intuitively, it makes sense to posit the performance of persons who are 
congenitally totally blind would improve if they learned to construct two-dimensional 
spatial representations of locomotor space while in transit. As illustrated in the following 
section, these individuals can and do construct two-dimensional spatial representations of 
objects and figures. Because they are capable of constructing two-dimensional spatial 
representations of objects and figures we have reason to believe they could learn to 
employ a two-dimensional representation of environmental spaces while walking within 
environmental spaces. 
 
Evidence for the Construction of Multi-dimensional Spatial Representations by 
Individuals Who are Congenitally Totally Blind 
 
 Research suggests individuals who are congenitally blind can and do construct 
spatial representations of three-dimensional objects when they are located within 
manipulatory or near space (Carpenter & Eisenburg, 1978; Kerr, 1983; Marmor & 
Zaback, 1976). They also construct spatial representations of two-dimensional patterns 
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represented on plane surfaces. For example, individuals who were congenitally totally 
blind constructed spatial representations of shapes and capital letters in experiments 
assessing the ability of these individuals to mentally rotate figures (Carpenter & 
Eisenburg, 1978; Marmor & Zaback, 1976). In these experiments, individuals who were 
congenitally blind were initially presented with a figure in the upright position. 
Subsequently, the same figure or its mirror image was presented again rotated from the 
upright position to varying degrees. The participants in the study were asked to identify 
whether the second figure was the same as the first figure. The participant’s reaction 
times increased with the degree of rotation from upright. Because their reaction times 
increased with the degree of rotation, the results suggested that the participants 
manipulated a two-dimensional mental representation of the figures by turning them to 
the upright position prior to responding to the task. That is, the larger the degree of turn 
the more time it took to complete the task while smaller turns required less time.    
 Individuals who were congenitally blind also mentally represented spatial images 
in three experiments conducted by Kerr (1983). In the first study the participants mentally 
scanned an image that they had learned previously via tactual means. Because latency 
responses increased with the distance between the objects the construction of a spatial 
image was indicated. Participants in the second experiment imagined household items 
positioned adjacent to either a paper clip or car.  This was done to control the size of the 
household item being imagined. The participants were then asked to confirm whether the 
mentally constructed item included certain properties, such as a button or a handle. The 
author reasoned that if the household items were spatially represented, the participants’ 
reaction times would be faster for items that were represented as larger images because 
their parts would be well defined. The anticipated results were confirmed. The 
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participants in the study who were congenitally totally blind had faster reaction times for 
the larger items that were mentally represented. In the last experiment Kerr showed the 
construction of spatial representations effectively increased recall of a list of items.  
 These and other studies (Hollins & Kelly, 1988) demonstrate that the construction 
of spatial representations is within the repertoire of behaviors available to individuals 
who are congenitally totally blind. It seems reasonable to conclude, therefore, that it may 
be possible for them to learn to transfer the strategies they use to think about the objects 
to think about environments. They can do this by representing the relative position of 
important landmarks within a two-dimensional spatial framework. How, then, might they 
construct such representations?   
 
The Construction of Two-Dimensional Spatial Representations of Locomotor Space by 
Individuals who are Adventitiously Totally Blind 
 
 One possibility is suggested by the Rieser and Frymire (as cited in Rieser, 1999) 
and Cummins and Rieser (1999) research. Like the participants in those studies, 
individuals who are congenitally blind can imagine highly familiar surroundings and 
employ the mental representation constructed as a reference or template against which 
they can track their movement.  
Cummins and Rieser (1999) replicated Rieser and Frymire’s (1999) study 
employing individuals who were sighted but wore blindfolds, and those who were 
blinded later in life. As in the original study the participants traveled eight routes 
comprised of three to four turns. They did so under two conditions: In the "virtual 
ganzfeld" condition the participants were not provided with any strategy for locating their 
points of origin; in the imagined surround condition the participants were instructed to 
imagine they were positioned at home-plate facing the pitchers mound on a baseball field. 
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When walking the experimental routes, they were also instructed to imagine they were 
walking within the infield and to keep in mind the positions of the three bases, the home 
plate, and the pitchers mound as they walked. 
 Like the participants in the original study, both groups of participants improved 
performance after imagining a familiar setting. Like Rieser and Frymire (as cited in 
Rieser, 1999), the Cummins and Rieser (1999) study demonstrated when participants 
applied a strategy involving the generation of a two-dimensional spatial representation 
from which to perceive one’s movements, performance improved. As suggested by 
Rieser (1999), the frame of reference provided by the spatial representation may have 
facilitated performance. 
In Experiment I of the present study, the path integration experiment conducted 
by Rieser and Frymire (as cited in Rieser, 1999) and Cummins and Rieser, (1999) was 
replicated. Individuals who had not had previous visual experiences were included. 
Whether these individuals can, when instructed to apply a mental imagery strategy, 
construct a two-dimensional mental representation made up of familiar objects whose 
arrangement corresponds to those found in their natural environments, and then use that 
representation to keep track of their movement while in transit was assessed. As in the 
previous experiment, participants walked routes in an unidentified environment under 
two conditions: a virtual ganzfeld and an imagined surround. Following each condition 
the participants pointed to their starting positions.   
 Several possible outcomes were anticipated. Those who initially constructed a 
spatial representation of their paths of travel while in transit in the virtual ganzfeld 
condition would continue to generate spatial images in the imagined surround condition. 
In this case, individuals may or may not improve performance. The results would depend 
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upon the accuracy of the spatial representation constructed in both conditions. If the 
frame of reference supplied by the known landmarks contained more accurate 
information about distance and direction, their performance would improve following the 
imagined surround condition. 
 Those individuals who initially constructed a sequentially ordered representation 
of their paths of travel in the virtual ganzfeld condition may have: 
 1. continued to construct a sequentially ordered representation of a familiar 
 environment in the imagined surround condition. 
 2. constructed a spatial representation of a familiar environment in the imagined 
 surround condition and coupled their movement with that representation. 
 3. constructed a spatial representation of a familiar environment in the imagined 
 surround condition but failed to couple their movement with the environment  
represented. 
 In the first case, no improvement would occur following the imagined surround 
condition. In the second case, a comparison between the two responses should result in 
improved performance following the imagined surround condition. In the last case the 
participant would be faster and more accurate when oriented in the direction in which he 
or she had originally imagined the setting and slower when having to imagine a 
perspective that was different from the original perspective.     
 To assess whether these individuals had constructed two-dimensional spatial 
representations that are biased in the direction in which they were originally constructed 
the participants walked under two conditions. They either translated to the new position, 
that is they walked along a three or four segment route without changing their heading; or 
they walked as they would normally do, by both rotating or turning in the desired 
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direction of travel and translating, as required by the path of travel. If these individuals 
constructed two-dimensional spatial representations but did not couple their movement 
with the environmental features represented, then they should have performed better 
when translating alone as their perspectives would match their representations. 
 In summary, individuals who are congenitally totally blind may improve 
performance if they did not initially construct spatial representations but did so after 
receiving instruction to imagine a familiar setting. However, their success may be 
constrained if they had not coupled the kinesthetic information attained about their 
movement with the spatial representation constructed. If these individuals did not 
construct spatial representations of familiar settings, no improvement in performance is 
expected.  
 
The Braille Cell Configuration as a Frame of Reference for Representing Environmental 
Space 
 
In Experiment II, the investigator introduced and assessed a strategy for the 
construction of a two-dimensional representation of environmental space. Individuals 
who were congenitally blind were asked to use a highly familiar spatial image, the Braille 
cell, which was to serve as a framework against which their movement could be 
perceived. The advantages of using a Braille cell are (a) When viewing the Braille cell 
the observer “sees” the whole cell under his or her fingertip. There is no need to 
reconstruct the parts of the object or figure viewed into a its totality as is the case when a 
figure or object is traced with the fingers or hands; (b) the Braille cell is (at least) two-
dimensional in structure, therefore, it provides a template for the construction of a mental 
representation of the environment; and (c) it’s features were mastered through repetition 
until responses became automatic thus requiring no load on working memory. Individuals 
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who are congenitally blind know and use Braille. They should, therefore, find its 
construction as a mental image effortless.  
 It was anticipated that their movements would not be coupled with the features 
represented--in this case, Braille dots, within the imagined setting. If this were the case 
the participants would perform less well when they walked paths using translations and 
rotations. When walking paths that involved only translations, the participants would 
perform better.  
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CHAPTER IV 
EXPERIMENT I: UTILITY OF AN IMAGINED SURROUND FOR ORIENTATION 
WHEN LOCOMOTING WITHIN ENVIRONMENTAL SPACE 
 
 Previous research demonstrates that, when compared to sighted people wearing 
blindfolds, many individuals who are congenitally blind experience greater difficulty 
keeping track of where they are in space relative to the objects making up that space. The 
reason for the poorer performance may be that individuals who are congenitally blind do 
not employ 2- dimensional mental representations for the perception of spatial relations 
They may employ representations that preserve sequential ordering of landmarks along 
route. The results of previous research suggest that this is the case. This factor may 
account for the difficulty they experience when negotiating environmental spaces.  
 Strategies involving the generation of mental images when walking within 
environmental spaces have been shown to improve the performance of individuals who 
are sighted but wore blindfolds and of individuals who were adventitiously blinded in 
later life (Cummins & Rieser, 2000; Rieser, 1999). In experiment I, if individuals who 
were totally congenitally blind constructed two-dimensional spatial representations of 
familiar environments was assessed. Two of the conditions in the Rieser and Frymire (as 
cited by Rieser, 1999) and Cummins and Rieser (2000) studies were replicated. They 
either received no instruction and walked the paths within a “virtual ganzfeld,” or they 
were instructed to imagine that placement of objects from a familiar environment were 
arranged identically within the experimental site and were asked to keep the placement of 
those objects in mind as they walked. The Rieser and Frymire study was extended in a 
third condition by varying the forms of locomotion. In the translation plus rotation 
condition they walked paths as they normally do and in the rotation only condition they 
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walked paths while maintaining their initial headings.  
 
Experiment I: Methods 
 
Participants 
 The experiment was comprised of two groups of subjects. Seven adults with 
normal visual functioning and eight adults who were congenitally totally blind served as 
participants in the study. The participants who were blind were recruited through 
organizations providing services to individuals who are blind and by word-of-mouth. 
Those who were sighted were recruited from Vanderbilt University, or from Nashville 
neighborhoods, and by word of mouth. 
 Seven of the eight participants who were blind were matched with sighted 
participants in age, sex, race, and years of education. A “match” for the eighth subject 
who was blind was not found, and so the participants included a total of eight who are 
blind and seven who are sighted. They ranged in age from 21 to 56. Six men were of 
African-American decent and two women were of Indian decent. The remainder of the 
eight participants was of Caucasian-American decent, of these, two were male and six 
were female. All, but one of the participants, were attending or had attended college. 
Eight had bachelors or masters degrees, and four were currently attending college or were 
enrolled for the fall semester.  A match for one congenitally totally blind 26 year-old 
female with a high school diploma was not located. The causes of blindness were 
retinopathy of pre-maturity, congenital glaucoma, and optic nerve hypoplasia. No other 
physical or mental handicapping conditions were present in either group.  
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Materials and Setting                                                                                                  
 The experiment took place on a level tarmac surface. The experimental site was 
shaded by a roof preventing the participants from using directional cues from the heat of 
the sun as a source of information. A large“X” was drawn on the ground. Each leg of the 
“X” extended to the edges of the experimental site. These served to guide the 
experimenter while walking the various paths.  The point of intersection of the “X” 
marked the starting position. A rectangular shaped rubber mat was placed on the start 
positon.  
 A rolling walker of the type commonly used in rehabilitation centers was used to 
guide the participants along the routes (See Figure 1). A wood board was mounted at 
waist height on the walker. A 22 cm circle was drawn on the surface of the board and 
marked off in five-degree increments. A pointer, which revolved on its axis, was mounted 
in the center of the circle (See Figure 2). A 3CCD Digital video camcorder GL2 was 
attached to the walker by a vertical pole. It was positioned above the pointer so that both 
voice and hand movement could be recorded. Data sheets were used to record the 
sequence of tests to be administered and the subject responses (See Figure 3).  
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Figure 1. Participant standing at walker 
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Figure 2. Pointer 
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The participants wore blindfolds throughout the trials to ensure light did not 
provide any directional cues. Headphones and a wireless FM Phonic Ear auditory trainer 
consisting of a wireless FM transmitter and receiver, and earphones were used. The 
amplifier was set to produce about 75 dB SPL to the participant. This system allowed 
communication between the experimenter and the participant while preventing him or her 
from using directional sound cues.   
 
Procedure 
 Participants were equipped with blindfolds and headphones so visual and auditory 
directional cues were not accessible. Because participants were tested outdoors on a 
smooth tarmac surface there were no textural cues. In addition, no cues could be gained 
from slopes because the surface was level.  
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 Prior to beginning the experiment, the participants were told that we were 
investigating the perception of environmental space in the absence of visual and auditory 
input. The participants were informed they would be guided along multi-segmented paths 
with a walker and upon completing each path would be asked to point to their starting 
positions. They were advised their responses were being recorded via a camcorder and 
only movement of their hands and verbal responses would be recorded. It was also 
explained that to prevent the participant from obtaining auditory and visual information 
about the environment he or she would wear blindfolds and headphones. Consent forms 
were signed and blindfolds were put on prior to heading out to the experimental site. 
Participants were driven to the experimental site while blindfolded, so that neither group 
of participants had visual information about the size or shape of the site.  
Upon arrival at the experimental site, participants were familiarized with the 
walker and the pointer and it was explained the walker would be used to guide him or her 
along the paths. A mat positioned at the beginning of the path served as home base. The 
participants were instructed to stand on the mat at the beginning of each trial. The mat 
was removed during each trial so that the subjects could not use it as a tactual landmark 
on trials where the path crossed the mat’s position at home base. It was replaced at the 
beginning of the next trial. The participants were informed of this.  
 The participants always faced in the same direction at the beginning of each trial. 
The pointer was always oriented straight ahead of the participant, thus negating the effect 
of having to reorient themselves to the pointer’s position each time that they used it. The 
participants were instructed to keep their hands on the handles of the walker until they we 
were at the end of the path at which point the investigator stated, “Okay”, to indicate that 
path had been completed, followed immediately by the command, “now point”. The 
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participants were instructed only to reach for and turn the pointer in the desired direction 
when they are sure of their response. They were advised that they were not to touch the 
pointer until they knew the answer. When they had completed turning the pointer in the 
desired direction, they immediately placed their hands back on the handles of the walker.  
 To ensure that the participants were able to use the pointer effectively to point at 
the target and to provide a measure of optimal performance, a baseline condition was 
administered. In this condition the participant pointed to a coat rack that was positioned 
randomly within arm’s reach around them. Following the verbal command, "coat rack" 
the participant reached for the coat rack to determine its position. Following the verbal 
command "handles," the participant placed his or her hands back on the handles of the 
walker. Following the verbal command "now point," the participant reached for and 
turned the pointer in the direction of the coat rack and immediately placed his or her 
hands back on the handles of the walker. Verbal directions and hand movement were 
recorded on video tape. Accuracy and latency measures were obtained twice for each of 
11 positions. They were 0, 33, 66, 99, 132, 165, 198, 231, 264, 297 and 330 degrees. 
Each of these positions was selected randomly without replacement. 
  
The Experimental Conditions 
 The participants, subsequently, walked eight different paths under two movement 
conditions: (a) a translation plus rotation condition and (b) a translation only condition. In 
the translation plus rotation condition the participants walked along the paths as they 
normally do, that is by turning and/or walking forward as required by the path of travel. 
In the translation only condition, they walked the same eight paths that were walked in 
the translation plus rotation condition but without changing their headings. In this 
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condition they were required to sidestep to the right or left, or they walked backward or 
forward. Both conditions were demonstrated as they were described. The participants 
were instructed to keep their hands on the handles of the walker as they navigated the 
paths. When walking in the translation condition they were instructed to keep their 
shoulder square to the walker throughout the walk.  
At this point the subjects were equipped with a sound system consisting of 
headphones input via a wireless microphone.  The sound system made it easy for subjects 
to listen to directions while making it impossible to localize environmental sounds that 
might have served as auditory landmarks.  Participants practiced walking with the walker 
while translating and rotating and translating alone. When they indicated they were 
comfortable following the walker while wearing the sound system and blindfold, the first 
set of trials was begun. All the participants indicated they were comfortable walking in 
both conditions after only a few minutes of practice.  
 The participants executed both movement conditions within each of two surround 
conditions: (a) an imagined surround and (2) a virtual ganzfeld condition. In the imagined 
surround condition, each of the participants was instructed to imagine an object they 
encountered routinely in the course of a normal day. The doorway to a room, a stove, and 
a bed were given as examples. They were further instructed to imagine the object was 
there at the experimental site and he or she was standing at it. Finally, they were asked to 
identify two other objects they routinely encountered as they moved away from or toward 
the imagined object. They were asked to describe the features and positions of each of the 
objects and to imagine that each of the objects was there at the experimental site 
occupying the same positions relative to the previously imagined object. As the 
participants described the placement of each of the objects, they were asked to indicate 
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where each of the identified landmarks was. That is, they were asked to point at and walk 
to each of the landmarks as imagined and back to the originally imagined object. In the 
“virtual ganzfeld” condition, the participants received no instruction for arriving at their 
answers. Prior to walking a path, the participants were reminded to keep the starting point 
in mind, as they would be asked to point to it at the end of the route. The participants 
were reminded to point as quickly and accurately as possible. Following each trial, both 
the pointing response of the participants as measured by angle and the correct or actual 
angle were recorded.  
 
Experimental Design 
 The paths and movement types were manipulated within subjects in two blocks of 
trials. Within each block, a set of eight paths was repeated successively in random order. 
The two test phase conditions, virtual ganzfeld and imagined surround, were blocked as 
well. Half the participants from each group began walking the paths under one of the two 
surround conditions. That is they either imagined their surroundings or they experienced 
their surroundings as a "virtual ganzfeld". Within each environmental condition, half of 
participants began in the "translation only" condition as they walked along the path. The 
other half began by performing both translations and rotations as they walked along the 
path. Upon completion of each path the participants were guided along a random route 
back to the beginning of the path. No feedback regarding performance was provided.  
Each participant received 16 translation only trials and 16 translation plus rotation trials. 
The first set of trials within a block were randomly assigned, the order of the next set of 
trials in the next block matched those in the previous trial.  
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 Each route (see Figure 4) consisted of three changes in direction and three or four 
segments or legs. The length of the legs between directional changes varied from 3 to 12 
meters. The turns were 90 degree turns in either direction or 180 degree turns. The total 
length of each route was approximately 24 meters. Each set of eight trials was designed 
to generate responses that included eight different positions relative to the participant at 
the end of each trial. They were in front, behind, to the left, to the right, in front and to 
the left and right, and behind and to the left and right.  During each trial, the participant 
grasped the walker’s handles while the experimenter pulled the front of the walker along 
the test path. The experimenter maintained her line of travel by observing the directional 
lines drawn on the ground. She walked the correct path counting paces to keep track of 
distance walked. Since there would be some trial to trial variation in the distances 
walked, the actual direction to the target was measured by line of sight using the pointer 
at the end of each trial. To assure that line of sight measurements were accurate, the actual 
direction and the line of sight direction were compared using each of the 8 possible final 
positions along each route. This was done twice resulting in 16 trials. The difference 
between the actual and line of sight measurements ranged from 0-3 degrees. The median 
was established at 1 degree of error and the average error was 1.5 degrees.      
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TRANSLATIONS PLUS ROTATIONS TRANSLATIONS
ONLY
ROUTE #1
steps 5/4/6/9
behind and to the right b/r
*
ROUTE #2
*
steps 7/12/5/0
front and to the right f/r
Figure 4. Route Configurations 
Note. Asterisk designates starting position. The number of steps taken along each leg 
segment, and the direction of the starting position upon completion of the route are 
indicated. The translation plus rotation condition and translation only condition are the 
same except as indicated by the addition of another figure. 
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ROUTE #3
*
steps 4/5/4/11
behind and to the left behind/left
*
 
 
 
 
 
 
Figure 4--continued 
TRANSLATIONS PLUS ROTATIONS TRANSLATIONS ONLY
ROUTE #4
* *
steps 6/6/8/3 left
front
 
  35
ROUTE #5
*
steps 4/7/7/6
behind front
ROUTE #6
steps 9/6/9/0
right left
*
 
Figure 4--continued 
 
 
 
TRANSLATIONS PLUS ROTATIONS TRANSLATIONS
ONLY
ROUTE #7
steps 4/9/7/4 steps 4/9/7/4
* front and to the left front and to the left *
ROUTE #8
*
steps 8/8/8/0 steps 8/8/8/0
left front
*
 
 
Figure 4, continued 
 
 A 2x2x2 (visual status x movement type x surround) mixed ANOVA was 
employed where visual status was the between subject factor and movement type and 
condition were within subject factors. The dependent variables were error and latency. 
Error measures were obtained by subtracting the correct angle from the perceived angle. 
All error scores were signed positive (+) if the participant’s response was to the right of 
the target or negative (-) if the response was to the left of the target. Latency measures 
were obtained using the time displayed on a video recording. Latency values were 
recorded as follows: The difference between the starting time and ending time was 
calculated. The starting time was set by stopping the clock at the onset of hearing the 
utterance “now point” and the ending time was set by stopping the clock again soon as 
the participant’s hand lost contact with the pointer. The independent variables were 
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movement type (translations alone and translations plus rotations), surround (virtual 
ganzfeld and imagined surround), and visual status (sighted and blind). 
 To determine the reliability of both pointing error and latency measures that were 
recorded by the experimenter, a third party viewed video tapes and recorded the latencies 
and the angular errors of 2 participants over 10 trials. The differences between the 
latencies recorded by the experimenter and the third party ranged from 0.00-0.14. The 
average and median of the two sets of latency scores was 0.037 and 0.030 respectively. 
The range of scores for error was 0 to 23 degrees. The average difference in error 
between the two sets of scores was 1.60 degrees and the median was 0 degrees. 
 Angular errors and latencies were expected to capture the difficulty participants 
experienced in completing the task. If a participant found a task easy, he or she would be 
expected to point relatively quickly to the target and produce smaller angular errors. 
When uncertain of the location of the target, the participant would be expected to take 
more time before pointing to the target and produce larger errors. If, however, some 
participants respond more quickly but less accurately than the employment of speed to 
measure the difficulty experienced may be compromised. For example, errors may reflect 
the degree participants were or were not able to map their knowledge of the location of 
the target onto the pointer. To ascertain that the participants were not trading speed for 
accuracy, correlational tests for blind and sighted subjects were run separately across 
subjects within each group and individually within the groups. There were significant 
positive correlations between errors and latencies for the group of subjects who were 
blind (r = 0.381, n = 383, p = .001, two-tailed) and sighted subjects wearing blindfolds (r 
= 0.221, n = 224, p = .002, two-tailed). Individually, there were non-significant negative 
and positive correlations ranging from r = -0.24 to 0.438 for participants who were blind 
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and from r = -0.15 to 0.64 for participants who were sighted. Generally, the participants 
in both groups responded more slowly on trials with bigger errors and faster on trials with 
smaller errors. These results indicate that, on average, the participants did not trade speed 
for accuracy. 
 
Results: Experiment I 
 Analyses were performed separately on error and latency data. Raw scores for 
error were converted into constant error, variable error, and absolute error scores which 
are defined below. Variable and absolute errors and latencies were compared to those 
obtained in the baseline condition. In the baseline condition the participants pointed at a 
coat rack that was positioned randomly around them, within arms reach. On average, they 
produced errors that were less than 10 degrees. These results, then, provide a good 
estimate of participant responses when they could reach out and touch the target directly. 
Mean constant errors and standard deviations in the four surround by movement type 
conditions and in the baseline condition are presented in Table 1. Latency data were the 
median scores of each participant in each of the four surround by movement-type 
conditions and appear in Table 2. 
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Table 1 
Mean Constant Errors and Standard Deviations: 
Blind and Sighted by Surround, Movement Type, and Baseline Conditions 
 
Virtual Ganzfeld Imagined Surround Baseline 
 
T + R  (SD) T  (SD) T + R  (SD) T  (SD) 
 
Blind -1.14  (15.22) 0.11  (5.59) 2.53  (25.71) 1.86 (9.26) 1.62  (3.46) 
Sighted -2.04  (20.55) -1.03  (7.22) 6.41  (16.43) -1.89  (9.50) 2.04  (4.06) 
Note. T + R is Translations plus rotations. T is translations only. 
 
Table 2 
Median Latencies (0.01s) and Standard Deviations: 
Blind and Sighted by Surround, Movement Type, and Baseline Conditions 
 
Virtual Ganzfeld Imagined Surround Baseline 
 
T + R  (SD) T  (SD) T + R  (SD) T  (SD) 
 
Blind 2.71  (0.68) 2.61  (0.97) 2.68  (2.13) 3.00 (1.23) 1.46 (0.60) 
Sighted 1.71  (1.03) 1.70  (0.64) 1.69  (0.59) 1.80  (0.53) 1.71  (0.72) 
Note. T + R is Translations plus rotations. T is translations only. 
 
Constant error 
Some individuals may consistently point within a given magnitude to the left or 
right of the target. Such results, if present, may indicate that the participant’s method of 
representing the space through which he or she travels is accurate, however, the 
perception of where he or she is within that space is inaccurate. Imagine, for example, a 
partcipant who consistently points ten degrees to the right of the target. His or her 
understanding of the positions of the objects, relative to one another, are correct but his or 
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her perception of where he or she is within that setting is inaccurate by ten degrees to the 
right.  
Analyses were carried out to determine if any of the subjects made constant 
directional errors. The data analyzed were the constant errors represented by the algebraic 
or signed difference between a subject’s response and the target response for each of the 
eight trials across the four surround by movement conditions. The alpha level was set at 
0.05.  Using a one-sample t test, each subject’s constant error scores were compared to 
the 0-degree mean expected in an unbiased population. No significant effects were found.  
No participant’s responses were biased in any direction. 
 
Variable Error 
Variable error is the standard deviation of the subject’s responses around his or 
her own mean. It is a measure of the consistency of the subject’s responses across trials. 
As such, variability is a good indicator of the subject’s knowledge of where he or she is 
in space relative to the target. Larger variable errors indicate the subject’s perception of 
where he or she is relative to the target is less certain. Variable error can be considered a 
reflection of the participant’s knowledge of the space through which he or she walks and 
as such reflects the precision of the mental representation.  
Mean Variable Errors in the two surround conditions and the two movement 
conditions appear in Table 3.  A 2 x 2 x 2 (visual status x surround x movement type) 
mixed factorial analysis of variance with repeated measures on the last two conditions 
was performed on the error data. The data subjected to analysis were the standard 
deviations of the eight trials for each participant in the four surround by movement-type 
conditions. The alpha level was set at 0.05.  
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Only movement type had significant effects on accuracy (F (1,13) = 25.06, p = 
0.001). The main effects of surround and of visual status were not significant (F (1,13) = 
0.183, p = 0.676), and (F (1,13) = 1.647, p = 0.222). No significant interactions were 
evidenced in the surround by visual status conditions (F (1,13) = 0.637, p = 0.439), the 
movement by visual status condition (F (1,13) = 0.040, p = 0.844), the surround by 
movement condition (F (1,13) = 0.890, p = 0.363), or the surround by movement type by 
visual status conditions (F (1,13) = 1.620, p = 0.225). 
 
Table 3 
Mean Variable Errors and Standard Deviations: 
Blind and Sighted by Surround, Movement Type, and Baseline Conditions 
 
Virtual Ganzfeld Imagined Surround Baseline 
 
T + R  (SD) T  (SD) T + R  (SD) T  (SD) 
 
Blind 55.41  (26.72) 40.56  (27.74) 50.57  (25.82) 33.19 (12.75) 8.53 (2.49) 
Sighted 43.74 (24.19) 20.35 (8.76) 37.07  (26.21) 30.71 (18.89) 10.24  (2.44) 
Note. T + R is Translations plus rotations. T is translations only. 
 
To examine the differences between variable error in the four surround by 
movement conditions and the baseline condition, paired-sample t tests were run 
separately on subjects who were blind and sighted subjects wearing blindfolds. The 
results show that variable error was significantly different in the baseline condition. Both 
groups of participants produced less variable error when pointing at the coat rack than 
they did when pointing at their starting positions following both surround and movement 
conditions.  
 
 41
 
Absolute Error 
 Absolute error is defined by the average unsigned difference between the 
subject’s response and the correct response. Mean absolute errors for each group of 
participants in the four surround by movement-type conditions is shown in Table 4. 
Absolute error scores for each subject were calculated as the mean of 8 successive trials 
in each surround by movement type condition. A 2 X 2 X 2 (visual status X surround X 
movement type) mixed factorial analysis of variance with repeated measures on the last 
two conditions were carried out on the absolute errors. The alpha level was set at .05.  
 Analysis of Variance showed that movement type had significant effects on 
accuracy (F (1,13) = 21.07, p = 0.001). The main effect of surround was not significant (F 
(1,13) = 0.133, p = 0.721). The main effect of visual status was not significant (F (1,13) = 
1.459, p = 0.249) nor were the interactions between surround and visual status (F (1,13) = 
0.470, p = 0.505), or movement type and visual status (F (1,13) = 0.296, p = 0.596). 
There were no significant interactions between surround and movement type (F (1,13) = 
0.385, p = 0.546). Surround by movement type by visual status was also not significant 
(F (1,13) = 1.232, p = 0.287).  
To examine the differences between absolute error in the four surround by 
movement conditions and the baseline condition, paired-sample t tests were run 
separately on subjects who were blind and sighted subjects wearing blindfolds. 
Significant differences were found in all conditions for both groups of participants. 
Subjects were more accurate when pointing at the coat rack.  
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Table 4 
Mean Absolute Errors and Standard Deviations: Blind and Sighted  
by Surround, Movement Type, and Baseline Conditions 
 
Virtual Ganzfeld Imagined Surround Baseline 
 
T + R  (SD) T  (SD) T + R  (SD) T  (SD) 
 
Blind 41.69 (20.06) 27.73 (20.70) 41.95 (25.21) 25.38 (9.92) 8.57 (3.28) 
Sighted 31.36 (16.29) 14.69 (7.44) 30.14 (21.86) 22.75 (14.83) 9.61 (1.61) 
Note. T + R is Translations plus rotations. T is translations only. 
 
Latency 
 Latencies appear in Table 2. They were analyzed with a 2 x 2 x 2 (visual status X 
surround X movement type) mixed factor Analysis of Variance. The data used were the 
median of the 8 trials in each of the four surround by movement conditions. The main 
effects of movement type (F (1,13) = 0.444, p = 5.17) and surround (F (1,13) = 1.022, p = 
0.331) were not significant. There were no significant interactions between surround and 
movement type (F (1,13) = 0.241, p = 0.632), surround and group (F (1,13) = 1.448, p = 
0.250), movement type and group (F (1,13) = 0.486, p = 0.498), or surround, movement 
type and group, (F (1,13) = 1.528, p = 0.238). There were significant differences between 
the two groups on latency (F 1,13 = 6.103, p = 0.028). The sighted subjects were 
significantly faster at pointing to their points of origin than were the subjects who were 
blind. 
 The difference in latency in the four surround by movement-type conditions and 
the baseline condition when participants pointed at the coat rack were examined. The 
latency scores of the two groups were tested separately with a paired sample t test. No 
significant differences in latencies were found for the sighted subject in any of the four 
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test conditions and the baseline condition. Significant differences were found for the 
participants who were blind. They were significantly faster when pointing at the coat rack 
than when pointing at their starting positions in the two virtual ganzfeld conditions 
whether walking via translations plus rotations (t = 5.64, p= 0.001) or translations only (t 
= 5.59, p = 0.001) and in the imagined surround conditions while walking via translations 
plus rotations (t = 5.55, p= 0.001) and translations only (t = 8.48, p= 0.001). There were 
no significant differences in latency between the four surround by movement-type 
conditions.  
 
Discussion: Experiment I 
Blind Participants 
 As with previous studies, the results of this study demonstrate that some 
individuals who are congenitally totally blind do not spontaneously construct at least two-
dimensional spatial representations when navigating environmental spaces. The latency 
measures, in particular, provide evidence for this conclusion. The accuracy of responses 
made during the translation trials together with latency data, contribute evidence as well. 
 
Latency 
 Individuals who are congenitally totally blind were significantly faster in the 
baseline condition when they remained stationary while pointing to the position of the 
coat rack than they were when pointing at their starting positions following movement. In 
the baseline condition, these individuals responded quickly when pointing to the coat 
rack suggesting the information needed to complete the orientation task was immediately 
accessed. However, when navigating within the four movement-type by surround 
conditions the information was not immediately accessible, as evidenced by increased 
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latencies. The slower performance of these individuals during the walking trials suggests 
the representation in place at the completion of each route was not adequate for solving 
the orientation task. Because spatial representations present information about the 
positions of objects relative to the observer and to each other and because spatial 
representations are continually updated to reflect one’s current position, further 
processing of information to determine one's position relative to alternate positions within 
a given space is unnecessary. Because the participants who were congenitally totally 
blind needed additional processing time to complete the task during the walking trials, the 
spontaneous construction of spatial representations was not indicated. 
 Further evidence that the participants did not construct spatial representations 
when walking the routes is the lack of significant differences across trials when they 
walked the four surround by movement-type conditions. Non-significant latency 
differences suggest similar strategies throughout the four walking trials were used to 
solve the orientation problems. Given the significant difference in response latency 
during the baseline condition, a different strategy for representing the position of the coat 
rack was employed than was used to solve the orientation problems in the four walking 
trials. 
 
Accuracy 
 Individuals who are congenitally totally blind performed significantly more 
accurately during the translation trials when walking under either surround condition.  
This makes sense if these individuals employed a one-dimensional representation. If this 
were the case, walking via translations alone should facilitate performance because one 
need only keep track of two points in space: one’s immediate position and the starting 
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position. If, while walking the routes during the translations only trial these individuals 
had, indeed, employed spatial representations that were at least one-dimensional the 
representation in effect at the completion of the route would have been sufficient for 
carrying out the task. Yet latency responses were not significantly different when they 
“translated only” as one would expect if these individuals were employing one-
dimensional spatial representations while in transit. These results suggest that they had 
not constructed a representation that was one or two-dimensional while in transit; rather 
they appeared to construct a two-dimensional representation of their path of travel in 
retrospect. If this is the case, it is not surprising there were not significant differences in 
accuracy when moving within the imagined surround condition. If these individuals do 
not spontaneously employ spatial representation while in transit, then it is not likely that 
they would do so even when walking within familiar environments. Therefore, the 
imagined surround condition did not assist the participants in remaining oriented.  
 The role of translations and rotations in contributing to poorer orientation 
performance is also demonstrated. Because latency results were equivalent across all 
movement by surround conditions, the orientation task does not appear to be more 
difficult to perform in any of the four conditions. Nevertheless, the responses to tasks 
involving rotations and translations were in error to a greater degree than those obtained 
when translating alone. These results indicate that the act of rotating resulted in a less 
accurate understanding of where one is in space relative to at least one target. It appears, 
therefore, the position of the target was inaccurately represented following turns because 
the degree of turn relative to the target was misrepresented.  
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Sighted Participants 
 The outcomes in this experiment did not replicate those obtained by Rieser and 
Frymire (as cited in Rieser, 1999) and Cummins and Rieser (1999). That is, representing 
the position of objects while navigating within an environmental space did not result in 
better performance. Blindfolded sighted individuals pointed as quickly at the target 
location in the four surround by movement conditions as they had in the baseline 
condition. They pointed more accurately at their points of origin when walking under the 
translation only condition and less accurately when both translating and rotating. In 
contrast to previous studies, this study did not demonstrate blindfolded sighted 
participants performed orientation tasks more accurately than participants who were 
totally blind. 
One reason this study did not replicate the previous studies (Frymire, as cited in 
Rieser, 1999 and Cummins and Rieser, 1999 is the participants may not have benefited 
from the imagined surround condition because the structure of mental representations 
constructed when navigating within a virtual ganzfeld was not controlled successfully. 
The objective of the surround condition was to assess the utility of a spatial 
representation in maintaining orientation. The virtual ganzfeld condition was intended to 
capture the performance of individuals who had not constructed spatial representations 
when navigating the routes and when solving the orientation problem. All of the sighted 
participants, however, reported using a visual representation to help them keep track of 
their positions in both conditions. Often these representations took the form of an 
imagined route that followed their movements from the starting position to their final 
position. The role played by spatial representations in supporting orientation while 
navigating within environmental space was not successfully investigated. Thus, at least in 
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this respect, the experiment did not fulfill its purpose. The results from the latency 
measures and movement conditions, however, do tell an interesting story.  
 
Latency 
 Unlike participants who were blind, participants with visual experiences exhibited 
no significant differences in latency when pointing at the coat rack in the baseline 
condition and pointing at their starting positions in the four surround by movement 
conditions. The information the participants needed to locate their starting positions was 
easily accessed suggesting the representation that was in place following movement was 
sufficient for solving the orientation problems presented. These results support the 
hypothesis stating spatial representations of the environment are constructed as one 
navigates within that environment and that kinesthetic information about movement in 
combination with the spatial representation, inform the navigator of his or her position 
within that environment. 
 
Accuracy 
 Like participants who were congenitally blind, sighted participants wearing 
blindfolds performed more accurately when walking via translation only. Rotations 
introduced an element of error into the performance of the blindfolded sighted 
participants. Why is it the case that movement without changing one’s heading facilitates 
orientation performance? One reason for this may be that participants misrepresented the 
degree of rotation. It is possible that information about the position of an object may 
specify, not only where objects are located relative to the observer, but also the degree of 
rotation made by the observer. This may also explain why the results obtained in the 
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Cummins and Rieser (1999) study were not replicated in the current study. In Cummins 
and Rieser (1999) the participants who performed more accurately in the imagined 
surround condition walked routes on an imagined baseball diamond. One position the 
participants imagined was the pitcher's mound. The pitcher’s mound may have provided a 
more accurate point of reference in calibrating one's turn because it is positioned directly 
in front of the subject. As a result, those participants may have updated their 
representations more accurately than the participants in this experiment did. 
. Interestingly, blindfolded sighted participants and congenitally totally blind 
participants obtained similar accuracy measures during all conditions. Generally, the 
blindfolded sighted participants performed more accurately during the four surround by 
movement conditions, but not significantly so. Why is it that the blindfolded sighted 
participants did not perform better? One possible reason for this is in previous 
experiments blindfolded sighted participants either walked relatively simple paths or had 
direct sensory experiences of their environment through vision or touch. This previous 
contact may have provided a scale for measuring movement through space that is not 
provided when someone imagines that space. It is possible that mental representations 
acquired via direct contact are stored differently than those acquired via long-term 
memory. 
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CHAPTER V 
 
EXPERIMENT II  
 
In Experiment I individuals who are congenitally blind were instructed to imagine 
a familiar setting and use that image to maintain orientation when navigating within the 
experimental site. Although these individuals have demonstrated they can and do 
construct spatial representations of the objects and figures they come in contact with in 
manipulative space, it was anticipated they would not do so when navigating within the 
experimental site. The reason for this is that some individuals who are congenitally 
totally blind may not construct spatial representations of environmental spaces; rather, the 
sequential order of objects along a route may be memorized. As a result, the 
representation, when constructed, may not be spatial in character. Because of this no 
improvement in performance following the imagined surround condition was expected. 
The results of Experiment I support these conclusions. 
 For those individuals who do not spontaneously construct spatial representations 
while navigating environmental spaces, a new strategy was introduced. They were 
instructed to imagine standing in a Braille cell and to use the dots as a frame of reference 
for keeping track of their movements. It was hypothesized that the introduction of this 
method of constructing spatial representations when traveling would result in an 
improvement in orientation performance following locomotion. This would occur 
because these individuals could use the Braille cell as a frame of reference against which 
their positions within the experimental space could be understood. This method, however, 
may have at least one serious drawback. The representation constructed will necessarily 
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be orientation specific. That is the layout of the environment would best be understood 
from one perspective. In the case of the Braille cell that perspective will be the upright 
position, as when one reads. When the participants rotate to the right or to the left or turn 
around, their perspectives will no longer match the mental representation of the Braille 
cell. Alternate perspectives will be more difficult to construct and, therefore, place 
greater demands on processing time and possibly be less accurate.  
  
Experiment II: Method 
Participants 
 The same eight participants who who were blind took part in Experiment I took 
part in Experiment II. 
 
Materials and Setting 
 The materials from Experiment I were also used in Experiment II.  
The mat used to signify the starting position at the beginning of each trial was one of six 
used to signify the dot positions in the Braille cell. To demonstrate how the Braille cell 
configuration can be used as a frame of reference against which movement can be 
perceived, six rubber mats were used as place markers.  
The Braille cell is made up of 6 dots that are arranged as follows:  
 =    
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The mats were arranged accordingly with the numbers 1 through 6 representing each dot 
in the following pattern: 
1 4 
 2 5 
 3 6 
 
Procedure 
Except for two of the subjects, Experiment II immediately followed Experiment I. 
In the first instance, it became too dark to work, and in the second, the experimental site 
was needed for a scheduled engagement and we were unable to run the second 
experiment. Both experiments were resumed the following week.  The only notable 
difference between the procedures used in Experiment II and those used in Experiment I 
were the replacement of the Braille Cell with the familiar surround in the imagined 
surround condition.  
The participant removed his or her headphones and blindfolds and guided, via 
walker, to a corner within the experimental site where a mat had been placed. The 
headphones were removed so that they could orient to the investigator’s position as 
needed. The walker was removed and the participant's long cane was returned. 
Initially each participant was instructed to imagine that he or she was standing in 
a Braille cell and were occupying dot 3 facing the top of the cell. From that position, the 
participant was asked to describe where dot 2 was (directly in front). After reviewing the 
correct answer, the participant was asked to use his cane to locate the position of dot 2. 
The mat was placed in the appropriate location, and the participant then moved to that 
position. The remaining dots within the Braille cell were located in the same manner. 
(See Figure 4.) When the six mats had been arranged, the participant identified the 
location of the dots each of the six positions and independently touched them with his or 
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her cane six out of six times. While maintaining the same configuration, the 6 mats were 
then moved further apart. Because they were no longer within arms reach, the 
participants walked to each of the designated dots and touched them with the cane six out 
of six times. When the experimenter and the participant were satisfied they understood 
how they were to imagine the layout of the space, as indicated by their performance, the 
next set of trials as conducted in Experiment I was begun.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Participant standing within Braille Cell Configuration 
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A 2x2 (movement type x surround) ANOVA was employed. Movement type and 
condition were within subject factors. The dependent variables were angular error and 
latency. Error measures were obtained by subtracting the correct angle from the 
perceived angle. All error scores were signed positive (+) if the participant’s response 
was to the right of the target or negative (-) if the participant’s response was to the left of 
the target. Latency measures were obtained using the time displayed on a video 
recording. Latency values were the difference between the starting and ending times. The 
independent variables were movement-type (translations alone and translations plus 
rotations) and surround (virtual ganzfeld and imagined surround). Error and latency were 
compared to error and latency in the baseline condition when the participants pointed at 
the position of coat rack. 
 
Results 
 Mean Signed errors and standard deviations in the four surround by movement 
type conditions are presented in Table 5. Analyses were performed separately on error 
and latency data. Raw scores for error were converted into three estimates of error, 
constant error, variable error and absolute error. The variable and absolute errors were 
compared to those obtained in the baseline condition when the participants pointed at the 
coat rack. Median Latencies are presented in Table 6. Latency data were the median 
scores of each participant in each of the four surround by movement conditions.   
 
Constant error  
The data analyzed were the constant errors represented by the algebraic or signed 
difference between a subject’s response and the target response for each of the eight trials 
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across the four surround by movement conditions. Mean constant errors are shown in 
Table 5. The alpha level was set at 0.05.   
Table 5 
Mean Constant Errors and Standard Deviations: 
Blind by Surround, Movement Type, and Baseline Conditions 
Virtual Ganzfeld Braille Cell Baseline 
 
T + R  (SD) T  (SD) T + R  (SD) T  (SD) 
 
Blind -1.14 (15.22) 0.11 (5.59) -10.65 (21.86) -3.97 (7.16) 1.62 (3.46) 
Note. T + R is Translations plus rotations. T is translations only. 
 
As in Experiment I, a one-sample t test was used to compare the subject’s 
constant error scores with the 0-degree mean expected in an unbiased population. One 
subject made responses that were significantly different in one direction t (31) = 2.17, p = 
<.05. Examination of his scores revealed that 66% of his responses were to the right. The 
magnitude of errors made to the right ranged from 0 to 86 degrees. Another subject’s 
responses approached significance t (31) = -1.83, p = .08. Examination of her scores 
revealed that 58% her responses were to the left. The magnitude of errors made in that 
direction ranged from –10 to -170 degrees. Both subjects made responses that were 
somewhat biased on average. The high degree of variability evident in their responses 
suggests that they did not consistently point a given magnitude in any one direction. 
Overall, no directional bias is indicated.  
 
Variable Error 
Mean variable errors in the two surround conditions and the two movement 
conditions are reported in Table 6. A 2 x 2 (surround x movement type) ANOVA with 
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repeated measures on both conditions was performed on the variable error scores. The 
scores subjected to analysis were the standard deviations of the eight trials for each 
participant in each of the four surround by movement type conditions. The alpha level 
was set at 0.05.  
Both surround and movement-type conditions resulted in significant main effects 
on accuracy. The Braille cell condition produced significantly less variability than did the 
virtual ganzfeld condition (F (1,7) = 12.63, p = 0.009), and translation alone resulted in 
significantly less variable error (F (1,7) = 18.97, p = 0.003). No significant interactions 
were revealed (F (1,7) = 0.05, p = 0.82. 
The variability error scores were submitted to a paired-sample t test to determine 
if their were any differences in variable error under the four surround by walk conditions 
when compared to the coat rack condition. Significant differences were found between 
the variable responses in the coat rack and variable responses in the surround by  
movement conditions. The subjects produced less variable errors when pointing to the 
position of the coat rack. 
 
Table 6 
Mean Variable Errors and Standard Deviations:  
Blind by Surround, Movement Type, and Baseline Conditions 
Virtual Ganzfeld Braille Cell Baseline 
 
T + R  (SD) T  (SD) T + R  (SD) T  (SD) 
 
Blind 55.41 (26.72) 40.56 (27.74) 39.62 (22.19) 27.65 (18.90) 8.53 (2.49) 
Note. T + R is Translations plus rotations. T is translations only. 
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Absolute Error 
Mean absolute errors are reported in Table 7. Absolute scores for each subject 
were calculated as the mean of 8 successive trials in each surround by movement type 
condition. A 2 X 2 (surround X movement type) ANOVA with repeated measures on 
surround and movement type were performed on absolute error unsigned data. The alpha 
level was set at 0.05.  
 
Table 7 
Mean Absolute Errors and Standard Deviations:  
Blind by Surround, Movement Type, and Baseline Conditions 
 
Virtual Ganzfeld Braille Cell Baseline 
 
T + R  (SD) T  (SD) T + R  (SD) T  (SD) 
 
Blind 41.69 (20.06) 27.73 (20.70) 36.05 (27.97) 18.77 (12.37) 8.57 (3.28) 
Note. T + R is Translations plus rotations. T is translations only. 
 
ANOVA's showed that both movement type and surround had significant effects 
on performance (F (1,7) = 19.39, p = .003) and (F (1,7) = 10.12, p = 0.02). Interactions 
between movement type and surround were not significant (F (1,7) = 0.11, p = 0.75. 
The absolute error scores were submitted to a paired-sample t test to determine if 
their were any differences in absolute error under the four surround by movement-type 
conditions when compared to the coat rack condition. Significant differences were 
revealed between the average responses in the coat rack and average responses in the 
surround by movement conditions. The subjects, on average, produced less error when 
pointing to the position of the coat rack. 
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Latency 
Mean Latencies are reported in Table 8. Latencies were analyzed with a 2 x 2 
(surround X movement type) ANOVA. The data used were median performances of each 
subject in each of the surround by movement conditions. The main effects of movement 
type (F (1,7) = 0.96, p = .36) and surround (F (1,7) = 1.98, p = 0.20) were not significant. 
There were no significant interactions between surround and movement type (F (1,7) = 
1.54, p = 0.25). A paired-samples t test revealed significant differences between pointing 
responses when pointing at the coat rack in the baseline condition and pointing in the four 
surround by movement conditions. The participants were significantly slower at pointing 
at the target when translating and rotating in both the virtual ganzfeld (t = 3.18, df = 7, p 
= .02 (two-tailed) and Braille cell conditions (t = 2.82, df = 7, p = 0.03 (two-tailed), and 
when translating alone in the virtual ganzfeld (t = 3.61, df = 7, p = .02 (two-tailed) and 
Braille cell condition (t = 4.77, df = 7, p = .01 (two-tailed) than they were when pointing 
at the coat rack in the baseline condition. 
 
Table 8 
 
 
Median Latencies (0.01s) and Standard Deviations: 
Blind by Surround, Movement Type, and Baseline Conditions 
Virtual Ganzfeld Braille Cell Baseline 
 
T + R  (SD) T  (SD) T + R  (SD) T  (SD) 
 
Blind 2.71 (0.68) 2.61 (0.97) 3.38 (2.39) 2.80 (1.99) 1.46 (0.60) 
Note. T + R is Translations plus rotations. T is translations only. 
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Discussion 
As in experiment I, individuals who are congenitally totally blind had latency 
responses that were equivalent during all walking conditions but significantly different 
from those attained during the baseline condition when they pointed at the coat rack. 
These results suggest the participant's strategy for solving the orientation problems when 
walking in the four surround by movement type conditions were similar to each other, but 
different from that used for solving the orientation task when pointing at the coat rack.  
 An examination of responses in the two movement type conditions lends further 
support for this conclusion. They were more accurate at pointing to the target when 
walking in the translation only condition but not faster. Their reaction times are not 
different from those obtained when translating and rotating. If the spatial representation 
in effect at the conclusion of each route had been sufficient for solving the orientation 
problem reaction times should have been equivalent to those attained in the baseline 
condition. Instead, the reaction times in both movement conditions were equivalent but 
different from the baseline condition. The responses of the participants indicate the 
orientation problem was "figured out" following movement. Though they constructed 
spatial representations when imagining they walked the routes using the Braille cell, it 
appears they did so only after moving the required paths to their final position. From this 
we can conclude these individuals did not construct spatial representations while in 
transit and, therefore, did not couple kinesthetic information their representations. 
 The framework that was provided by the Braille cell appeared to facilitate the 
performance of individuals who are congenitally blind, however as the same group of 
participants took part in both experiment I and II, the effects of practice cannot be ruled 
out. The responses of the participants in experiment I were examined to determine if such 
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effects were evident. A one-way ANOVA revealed no significant effects of order in 
experiment I (F (1, 7) = 0.15, p = 0.70). Lack of an order effect in experiment I, provides 
support for comparable lack of effect in experiment II.  
The framework that is provided by the Braille cell facilitated the performance of 
individuals who are congenitally blind on the spatial orientation task involving movement 
along different paths of travel. With varying degrees of success the participants were able 
to use the position of the dots within the Braille cell to keep track of their movement. The 
role of rotation in remaining oriented was again implicated in the performance of the 
participants who did better when translating alone than when translating and rotating.  
 The responses of the participants were more accurate when they translated than 
when they translated and rotated. Because the participants constructed spatial 
representations of the Braille cell in that condition, it is not improbable to conclude that 
the strategy used, at least in this condition, was to construct a spatial representation after 
they had completed walking the route. These results suggest orientation is more easily 
achieved when the spatial representation in effect matches one's current perspective. 
Rotations introduced an element of error into the participants’ responses. In a few cases, 
the participants responses were considerably off target suggesting they may have 
depended primarily on sequentially arranged mental representation when walking the 
routes, and were unable to convert that representation into spatial information or use an 
alternate strategy that was effective in solving the problem.  
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CHAPTER 6 
 
CONCLUSION 
 
 One purpose of these experiments was to examine whether individuals who are 
congenitally totally blind spontaneously represent space two-dimensionally, and failing 
that, if they could, when instructed, construct a two-dimensional spatial representation 
and use that representation to keep track of their movements. The literature suggests that 
individuals who are congenitally totally blind do not construct two-dimensional spatial 
representations of the space they navigate. The results of this experiment indicate that 
though these individuals may not spontaneously construct two-dimensional spatial 
representations they can do so. The participants demonstrated they were able to mentally 
represent the Braille cell as a template to help them keep track of their movement in 
space. The framework that was provided by this spatial representation facilitated the 
performance of these individuals to varying degrees.    
The coupling effect of one’s spatial representation and kinesthetic information as 
hypothesized by Rieser (1999) was not demonstrated by individuals who were 
congenitally blind. Although they used the Braille cell as a template for keeping track of 
their movement within the experimental site, they did not spontaneously use the mental 
representation of the cell while they were in transit. Rather they appeared to use it in 
retrospect. As a result information about where they were in space at any given time, 
relative to the starting position, was not immediately available.  Given more direct 
instruction and practice these individuals may learn to represent the space through which 
they travel as they move about their respective environments.  
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This experiment also indicates the effect of translations and rotations on 
orientation. Both groups performed better when their headings remained constant. That is 
when they translated only they were better able to locate their starting points. This means 
they were better able to track their change in direction when they did not rotate.  
Rotations introduced larger errors in both groups of participants’ responses. In the 
case of individuals who are blind, they appeared to represent turns as a sequence of 
actions to take rather than as a spatial representation reflecting the degree of rotation. 
When later transformed to a spatial representation, half the blind participants 
demonstrated a great deal of difficulty doing so and, as a result, their errors increased-
often dramatically.  
Although the sighted participants spontaneously constructed spatial 
representations as they walked, many inaccurately represented the degree of turn. One 
possible reason for this is that they did not have available an object or an image that was 
directly in front of them from which they could more accurate gauge their turns.   
 
Implications for Practice 
Across all experimental conditions, individuals who are congenitally blind 
performed better in the translation only condition than they did in the translations plus 
rotation condition. These results suggest that information about the spatial arrangement of 
environmental features can be best perceived when observers explores a room via 
translation only, rather than via translations plus rotations. Currently the method used to 
explore unfamiliar environments involves using translations plus rotations while walking 
along the perimeter of a space and again when walking within that space.   
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With very little training individuals who were congenitally totally blind 
demonstrated that they could use the Braille cell as a frame of reference for keeping track 
of their positions within a room-size space. This was particularly so in the translation 
condition. This result, together with the latencies, suggests that these individuals 
constructed spatial representations in retrospect rather than while in transit to their 
destinations. 
If, as hypothesized by Rieser (2000), the perception of oneself in environmental 
space occurs due to the coupling of kinesthetic information, specified by locomotion, 
with a spatial representation of the environment, then the poorer performance of 
individuals who are blind may be explained in at least two ways. First, some of these 
individuals do not construct spatial representations while in transit. Second, many do not 
keep track of their movement relative to environmental features because they do not 
couple the two sources of information when traveling. Their relations to multiple 
environmental features, therefore, are not perceived. If this is the case, the solution is to 
teach individuals who are blind to perceive how their relations to objects change as they 
move. This can best be achieved in early childhood before another strategy for 
representing space becomes dominant.  
The construction of a Braille cell for representing space offers older individuals a 
means of learning to understand their relation to environmental features. It is a fairly 
simple matter to imagine that if one is initially standing in dot 6 and translates to dot 2, 
that dot 6 is now behind and to the right. However, one cannot move through life by 
translating from place to place. The difficulty that arises when using the Braille cell as 
one rotates and is no longer facing the top of the cell. These individuals must learn to 
perceive how their relations to landmarks (or dots) change as the move. That is they must 
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learn to couple their movement to the space as represented. It is possible that the 
perception of these relations can be achieved with careful planning and practice.  
The Braille cell also offers a method of perceiving space as a two-dimensional 
map. For example, three full cells can be represented as the United States with the first 
cell representing Western, the second cell, Central, and the third cell the eastern United 
States. The top of the cell can be represented as north and the bottom as south.  
 
Future Research 
 The role of rotations is clearly indicated by the responses of both participants who 
were blind and those who were sighted. The development of spatial cognition in young 
congenitally blind children, with specific emphasis on rotations, should be investigated. 
Methods of presenting children with the opportunity to learn these relations from an early 
age should be developed and assessed. Specific steps for teaching individuals who are 
totally blind to use the Braille cell as a method of keep track of their positions within 
environmental space need to be developed and assessed. Further use of the Braille cell as 
a method for teaching children who are blind to conceptualize the spatial arrangement of 
countries can also be investigated. Assessment of translations as a method of exploring 
new environments might also be examined. 
 The specific role of object placement in maintaining orientation within 
environmental spaces should be investigated. For example, is the placement of objects 
behind an observer less easily perceived than those in front of the observer are? What is 
the role, if any, of the placement of objects in keeping track of one’s movement when 
rotating? The role of real vs. imagined setting should also be examined. Better ways of 
controlling the method individuals intuitively employ to remain oriented need to be 
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developed. For example, if individuals walk within a virtual maze they will rely upon 
their vision to remain oriented. Their responses in this condition can be compared to 
those obtained while walking under blindfold conditions employing an imagined 
surround.  
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 Appendix A 
Raw Data, Constant, Variable and Absolute Error 
 
VIRTUAL GANZFELD/TRANSLATION + ROTATIONS 
POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
 
Subject # Constant Error Variable Error Absolute Error
1   -45 -17 -45 55 20 -34 -41 11 -12 36.97 33.5
2   -4 -8 35 76 -6 4 27 23 18.38 28.51 22.88
3   0 -20 -24 -56 30 -3 35 -3 -5.13 29.39 21.38
4   78 -14 -51 90 -21 -101 -11 33 0.38 64.18 49.88
5   -10 10 -50 -10 165 -15 5 30 15.63 64.61 36.88
6   36 -4 -25 -21 -90 -14 0 32 10.45 39.23 27.75
7   45 -2 172 50 -160 -5 50 -54 12 95.62 67.13
8   93 -43 -115 -30 -96 0 -91 125 -19.63 88.37 74.13
 
 
VIRTUAL GANZFELD/TRANSLATION + ROTATIONS 
POINTING RESPONSES OF SIGHTED IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
 
Subject # Constant Error Variable Error Absolute Error
1    -19 28 -5 10 0 -6 20 25 6.63 16.82 14.13
2    18 146 0 -31 0 170 7 -40 33.75 79.32 51.50
3    -84 18 51 0 -15 38 35 10 4.13 42.83 31.38
4    84 -8 -30 -135 92 25 18 5 6.38 71.07 49.63
5    7 8 -53 1 -10 2 12 5 -3.50 21.04 12.50
6    -60 -16 -65 -71 -16 21 -32 40 -24.88 40.52 40.13
7    11 32 -40 0 19 -5 11 -44 -2.00 27.14 20.25
 66
 VIRTUAL GANZFELD/TRANSLATIONS + ROTATIONS 
LATENCY OF POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject#   MEAN LATENCIES SD of LATENCIES
1  1.98 1.43 1.08 1.50 2.22 1.43 1.55 2.18 1.67 0.41
2  2.52 2.78 2.35 2.87 2.92 2.32 3.33 2.55 2.71 0.34
3  6.43 14.27 1.27 1.40 3.98 3.10 3.28 4.55 4.79 4.18
4  2.12 1.52 1.17 1.23 1.75 2.32 3.05 2.93 2.01 0.72
5  2.48 9.35 1.95 1.73 6.78 4.17 3.00 2.42 3.99 2.71
6  2.40 4.00 2.35 4.80 2.68 3.45 1.82 2.62 3.02 0.99
7  1.20 3.98 9.17 2.68 3.55 4.38 3.08 1.98 3.75 2.42
8  2.85 1.78 3.53 4.00 2.78 2.92 4.58 2.65 3.14 0.87
 
 
VIRTUAL GANZFELD/TRANSLATIONS + ROTATIONS 
LATENCY OF POINTING RESPONSES OF SIGHTED IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject# MEAN LATENCIES SD OF LATENCIES
1  1.25 1.97 1.07 1.50 1.55 1.65 1.13 1.65 1.47 0.30
2  0.87 10.05 3.28 3.43 1.10 10.67 4.01 0.73 4.27 3.97
3  0.83 0.88 0.95 0.93 1.30 0.87 0.73 0.87 0.92 0.17
4  1.07 1.77 2.01 1.08 1.01 1.55 1.18 1.20 1.36 0.37
5  3.98 1.97 2.50 2.07 2.37 2.01 2.57 2.07 2.44 0.66
6  3.43 2.48 2.48 4.57 1.20 3.57 3.55 4.80 3.26 1.18
7  1.36 1.80 2.01 2.31 1.35 1.62 1.54 2.19 1.77 0.37
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 VIRTUAL GANZFELD/TRANSLATIONS ONLY 
POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
 
Subject# CONSTANT ERROR VARIABLE ERROR ABSOLUTE ERROR
1    20 5 15 -20 0 22 -53 19 1 25.9 19.25
2    -13 23 -60 51 0 43 0 14 7.25 34.89 25.5
3    -5 -28 -2 -15 0 55 -23 2 -2 25.53 10
4    -34 -32 1 2 -10 -12 -6 67 -3 31.36 20.5
5    -5 -19 6 0 0 17 -10 10 -0.13 11.41 8.38
6    54 -17 0 9 55 0 -19 -10 9 29.58 20.5
7    -32 85 -2 64 -110 34 28 -96 -3.63 71.21 49.13
8    180 32 17 -71 -37 -49 -143 10 -7.63 94.57 68.63
 
 
 
VIRTUAL GANZFELD/TRANSLATIONS ONLY 
POINTING RESPONSES OF SIGHTED IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
 
Subject # CONSTANT ERROR VARIABLE ERROR ABSOLUTE ERROR
1    6 -4 -12 -18 0 14 10 0 -0.5 10.78 8
2    -5 -3 6 -40 0 0 -37 0 -9.88 17.96 11.38
3    0 -13 -7 19 60 54 -10 -10 11.63 29.79 22.25
4    0 -14 -5 -35 -7 22 7 39 0.88 22.5 16.13
5    6 0 -7 -3 -6 23 16 -7 2.75 11.36 8.5
6    4 -21 -14 -18 -5 31 -9 -2 -4.25 16.49 9.5
7    -45 19.5 -61 -21 0 25 -12 32 -7.81 33.53 26.94
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 VIRTUAL GANZFELD/TRANSLATIONS ONLY 
LATENCY OF POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject# MEAN LATENCIES SD of LATENCIES
1 1.83 2.63 1.38 1.95 1.97 3.45  2.45 2.02 2.21 0.63
2 1.43 3.55 5.28 5.01 2.98 12.5  2.47 2.18 4.43 3.52
3 3.58 6.13 8.42 11.2 2.25 1.83  4.80 4.52 5.34 3.17
4 2.18 2.68 2.65 0.77 1.40 1.83  2.33 2.55 2.05 0.68
5 2.48 2.18 3.90 2.90 2.88 3.22  1.85 2.93 2.79 0.63
6 2.08 2.19 2.45 3.47 2.82 2.22  2.13 2.23 2.45 0.48
7 2.92 2.07 2.87 0.73 2.37 3.35  1.92 2.27 2.31 0.80
8 2.12 2.17 5.88 3.75 7.42 3.93  5.38 4.27 4.37 1.82
 
 
 
VIRTUAL GANZFELD/TRANSLATIONS ONLY 
LATENCY OF POINTING RESPONSES OF SIGHTED IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject# MEAN LATENCIES SD of LATENCIES
1 1.27 2.00 1.67 1.27 1.92 1.55  1.72 2.00 1.68 0.3
2 1.80 1.38 4.90 8.43 3.77 1.37  1.00 1.40 3.01 2.59
3 1.07 1.18 0.85 1.93 0.78 1.15  1.33 2.27 1.32 0.52
4 0.95 1.35 1.15 1.40 1.27 1.37  0.93 1.07 1.19 0.19
5 1.30 3.15 2.72 1.98 1.01 2.17  2.12 3.10 2.19 0.78
6 2.68 3.17 2.45 3.68 3.50 2.90  3.73 2.87 3.12 0.48
7 1.69 2.06 1.98 1.70 1.43 1.81  2.40 1.65 1.84 0.3
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IMAGINED SURROUND/TRANSLATIONS + ROTATIONS 
POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
 
Subject# CONSTANT ERROR ABSOLUTE ERRORVARIABLE ERROR
1    -5 -25 25 90 -5 -5 45 20 17.5 36.65 27.5
2    -1 2 -71 20 -9 30 5 33 1.13 32.8 21.38
3    -9 -10 -85 40 11 44 -23 6 -3.25 40.61 28.5
4    -18 -8 0 -63 10 45 -75 -6 -14.38 38.71 28.13
5    80 20 45 37 10 36 -33 45 30 32.74 36.88
6    -45 4 -18 4 -111 1 34 36 -11.88 47.85 31.63
7    90 94 109 64 -20 -60 78 -35 40 67 68.75
8    -95 86 -31 -36 130 -165 -175 -25 -38.88 108.21 92.88
 
 
 
 
IMAGINED SURROUND/TRANSLATIONS + ROTATIONS 
POINTING RESPONSES OF SIGHTED IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
 
Subject CONSTANT 
ERROR
VARIABLE ERROR ABSOLUTE ERROR
1 -11   11 -49 2 -20 39 6 31 1.13 28.17 21.13
2 0   -3 -10 -13 -9 -1 -47 -28 -13.88 16.09 13.88
3 48   19 116 -15 90 -14 0 24 33.5 48.17 40.75
4 60   1 35 -22 50 -8 66 -19 20.38 36.39 30.38
5 -8   -10 -6 2 3 3 -24 -9 -6.13 9.09 8.25
6 -57   -51 -97 -96 157 61 36 33 -1.75 88.81 73.5
7 0   -6 -20 45 74 5 15 -20 11.63 32.75 23.13
 
 
 
 70
 IMAGINED SURROUND/TRANSLATIONS + ROTATIONS 
LATENCY OF POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject# MEAN LATENCIES SD of LATENCIES
1 1.22 1.63 1.03 2.67 1.93 0.92 1.32 2.42 1.64 0.65
2 5.54 4.1 3.02 11.42 3.3 7.23 5.36 4.31 5.54 2.74
3 4.45 5.37 7.32 4.67 3.22 4.35 3.42 5.18 4.75 1.28
4 2.38 1.58 2.62 1.6 2.62 1.8 1.62 3.27 2.19 0.63
5 4.97 1.2 3.65 . 1.35 . 3.4 2.03 2.77 1.49
6 3.1 2.17 3.07 2.63 3.12 2.65 1.73 2.42 2.61 0.50
7 0.98 2.23 2.58 1.7 4.18 1.48 2.62 1.52 2.16 1.00
8 12.7 4.53 14.92 7.87 7.88 6.42 15.95 2.12 9.06 4.99
 
 
 
 
IMAGINED SURROUND/TRANSLATIONS + ROTATIONS 
LATENCY OF POINTING RESPONSES OF SIGHTED IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject# MEAN LATENCIES SD of LATENCIES
1 1.37 1.33 1.15 1.52 1.53 1.55 1.18 1.38 1.38 0.15
2 1.53 8.73 4.55 1.85 0.98 0.82 8.73 1.04 3.57 3.39
3 1.18 1.50 2.17 1.23 2.07 0.98 1.68 1.88 1.59 0.44
4 1.65 1.38 1.50 1.43 1.67 2.18 1.98 1.35 1.64 0.30
5 2.22 2.35 1.57 1.98 1.13 2.53 2.05 1.95 1.97 0.45
6 4.05 2.55 3.83 1.28 3.20 1.28 5.03 2.15 3.04 1.31
7 1.69 2.06 1.98 1.70 1.43 1.81 2.40 1.65 1.84 0.30
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 IMAGINED SURROUND/TRANSLATIONS ONLY 
POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
 
Subject# CONSTANT ERROR VARIABLE ERROR ABSOLUTE ERROR
1    -60 40 15 10 0 -55 0 -25 -9.38 34.79 25.63
2    -7 20 10 0 37 12 14 -15 8.88 16.27 14.38
3    4 -10 0 -16 30 40 10 -32 3.25 23.64 17.75
4    -17 -16 -36 11 -15 41 61 60 -4.13 39.74 34.50
5    0 0 -44 25 -5 0 -30 -15 -8.63 21.10 14.88
6    46 -29 -19 -2 -60 -3 -7 9 -8.13 30.55 21.13
7    -40 70 -10 25 -100 0 22 -50 -10.38 52.57 39.63
8    55 -12 -25 -10 27 -39 103 10 13.63 46.86 35.13
 
 
 
 
IMAGINED SURROUND/TRANSLATIONS ONLY 
POINTING RESPONSES OF SIGHTED IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
 
Subject# CONSTANT ERROR ABSOLUTE ERRORVARIABLE ERROR
1    59 -11 11 -25 12 0 -4 -16 3.25 25.86 17.25
2    9 0 6 0 30 2 -32 -7 1 17.26 10.75
3    49 -27 0 -69 22 1 -21 30 -1.88 37.20 40.25
4    5 -8 4 -41 -34 17 -4 0 -7.63 19.94 14
5    0 0 -3 -18 18 0 18 -6 1.13 11.99 7.88
6    14 42 -14 36 -171 -42 5 -44 -21.75 68.28 46
7    -28 16 -4 -76 -2 19 5 35 -4.38 34.42 23.13
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 IMAGINED SURROUND/TRANSLATIONS ONLY 
LATENCY OF POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject# MEAN LATENCIES SD of LATENCIES
1 1.93 1.88 2.48 2.25 1.37 2.17 2.03 1.87 2.00 0.33
2 5.17 4.25 5.01 3.50 2.58 2.78 2.80 4.45 3.82 1.04
3 2.43 3.93 2.60 4.01 4.57 2.80 6.37 2.95 3.71 1.32
4 1.87 2.40 2.68 1.98 2.05 2.47 3.33 2.15 2.37 0.48
5 4.92 2.87 5.93 3.18 1.53 1.60 2.33 0.88 2.91 1.74
6 5.63 2.18 2.03 4.32 2.32 3.60 3.20 4.00 3.41 1.24
7 2.47 2.08 2.87 2.47 1.85 2.25 2.83 3.48 2.54 0.52
8 7.72 4.62 6.32 3.88 5.27 3.03 8.82 8.17 5.98 2.12
 
 
 
 
IMAGINED SURROUND/TRANSLATIONS ONLY 
LATENCY OF POINTING RESPONSES OF SIGHTED IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject# MEAN LATENCIES SD of LATENCIES
1 1.97 1.92 1.50 1.92 1.68 1.12 1.42 2.18 1.71 0.35
2 1.40 1.62 4.52 3.92 7.69 1.57 1.27 2.96 2.28
3 1.18 1.17 1.07 1.16 1.25 1.19 1.33 1.17 1.19 0.08
4 1.53 1.50 1.08 2.20 1.38 1.50 1.40 0.97 1.45 0.37
5 2.80 2.93 2.75 4.17 1.8 2.15 1.38 1.55 2.44 0.92
6 2.37 3.01 1.98 3.01 1.38 9.98 3.88 2.15 3.47 2.74
7 1.93 1.90 2.29 2.33 1.98 1.39 1.48 1.54 1.85 0.36
 1.72
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 BRAILLE CELL/TRANSLATIONS + ROTATIONS 
POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
Subject# CONSTANT ERROR ABSOLUTE ERRORVARIABLE ERROR
1    -95 -20 -65 50 15 15 25 30 -5.63 50.53 39.38
2    -9 -7.5 0 86 0 0 -6 30 11.69 32.46 17.31
3    -15 -17 40 -5 0 -14 0 27 2.00 20.81 14.75
4    -24 0 -31 -46 -3 -30 0 33 -12.63 25.00 20.88
5    10 -31 -17 0 12 -21 0 5 -5.25 15.76 12.00
6    20 -24 -16 -15 -60 0 -38 40 -11.63 31.67 26.63
7    40 115 -120 -95 -50 -120 -5 -25 2.50 89.24 71.25
8    50 -135 -170 -90 -75 -90 -30 50 -61.25 80.03 86.25
 
 
 
 
BRAILLE CELL CONDITION/TRANSLATIONS +  ROTATIONS ONLY 
LATENCY OF POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject# MEAN LATENCIES SD of LATENCIES
1 1.5 1.6 1.68 1.4 1.15 1.33 1.18 1.83 1.46 0.24
2 2.55 3.8 2.73 11.2 1.87 1.58 2.25 4.72 3.84 3.15
3 2.58 4.78 6.28 3.13 9.72 1.12 5.75 2.43 4.47 2.76
4 3.01 3.48 2.4 4.52 8.13 3.01 6.98 2.62 4.27 2.15
5 1.57 2.28 0.93 1.25 3.87 1.72 2.47 1.65 1.97 0.92
6 2.12 4.4 3.05 2.57 2.8 2.15 2.86 2.07 2.75 0.76
7 1.32 1.08 2.78 2.13 4.22 4.57 0.85 0.75 2.21 1.51
8 9.35 2.88 9.65 5.45 6.33 3.17 6.33 5.2 6.05 2.49
 
 
 
 
 74
 BRAILLE CELL CONDITION/TRANSLATIONS ONLY 
POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in Degree of Error) 
 
Subject# CONSTANT ERROR VARIABLE ERROR ABSOLUTE ERROR
1    -15 -25 -35 -9 -5 15 7 16 -6.38 18.46 15.88
2    0 12 -12 -2 5 20 -7 24 5.00 12.77 10.25
3    -45 0 -5 -15 5 0 0 -5 -8.13 16.02 9.38
4    48 -33 -78 -31 -30 15 1 30 -9.75 40.89 27.88
5    1 25 1 4 9 0 13 -2 6.38 9.04 6.88
6    5 -8 3 0 -10 -50 13 -19 -8.25 19.58 13.50
7    12 -20 35 135 -65 -5 -10 -70 1.50 64.62 44.00
8    11 23 0 -27 5 2 -101 -10 -12.13 38.79 22.38
 
 
 
 
 
 
 
BRAILLE CELL CONDITION/TRANSLATIONS ONLY 
LATENCY OF POINTING RESPONSES OF BLIND IN 8 ROUTE CONDITIONS 
(Measured in 0.01s) 
 
Subject# MEAN LATENCIES SD of LATENCIES
1 2.8 2.18 1.32 2.97 2.12 2.15 3.18 2.57 2.41 0.59
2 1.01 2.22 1.78 2.17 1.62 2.03 2.65 2.53 2.00 0.53
3 2.80 1.28 2.72 2.97 1.85 2.08 2.08 9.55 3.17 2.64
4 4.68 2.28 3.45 2.83 2.18 2.43 3.70 3.85 3.18 0.89
5 1.98 2.03 2.17 1.63 2.35 2.57 2.47 2.57 2.22 0.33
6 1.27 2.25 3.60 2.98 3.32 2.65 2.30 2.85 2.65 0.73
7 1.88 1.88 0.98 3.80 1.05 1.88 1.27 0.58 1.67 0.99
8 8.40 2.33 13.53 2.48 2.12 4.75 5.23 2.38 5.15 4.02
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 BASELINE CONDITION 
POINTING RESPONSES OF BLIND 
(Measured in Degree of Error) 
 
Subject# CONSTANT
ERROR
VARIABLE 
ERROR
ABSOLUTE 
ERROR
1   -5 -14.5 -9 -1 -8 -3.5 6.5 -17 -5 -16.5 9 -5.82 8.55 10.82
1 2 5 6
3    7.5 -7 2 5.5 13 24 1.5 -1.5 -0.5 -9 0.5 3.27 9.23 8.45
4    7.5 -2.5 -2.5 -3 1 13.5 -11.5 2.5 8 -3 17 2.45 8.34 8.91
5    5 1.5 13.5 4 -4.5 -0.5 -8 -4 -2 0.5 3 0.77 5.77 1.5
6    -5 0 16 -1 22 20 -6 -11.5 -3 -16.5 2.5 1.59 12.63 10.82
7    -7 8 14.5 -1 1 5 13 8 8.5 16 4.5 6.41 6.93 11.41
8    -2.5 -2 1 4 -8.5 -6 7.5 -8 -1.5 32 0 1.45 11.22 10.18
2 2.5 -6 0.5 4.5 1 4.5 5 5 9 -8 3 .82 .57 .45
 
 
 
 
BASELINE CONDITION 
POINTING RESPONSES OF SIGHTED 
(Measured in Degree of Error) 
 
Subject# CONSTANT 
ERROR
VARIABLE 
ERROR
ABSOLUTE 
ERROR
1    0 5.5 9.5 8.5 6 13 -2.5 -11.5 -11 -20.5 -7.5 -0.95 10.60 10.50
2    5 -6 -11.5 -12.5 4 22.5 1 11 29 7 22 6.5 13.79 12.05
3    -0.5 16.6 10.5 -5.5 1.5 18.5 11 0.5 -1 5 11.5 6.19 7.87 8.74
4    7.5 7.5 -6 -19 -20.5 -10.5 0 20 11 12 5 0.64 13.14 11.05
5    17.5 -6 -1.5 7.5 19.5 3.5 3.5 -8 8 2.5 20.5 6.09 9.76 9.00
6    0 -3.5 3 4.5 -5 2 7 -11 -6.5 6.5 -23 -2.36 8.90 8.27
7    0 0.5 3 -1.5 6.5 1.5 10 -15 -9.5 -4.5 -11 -1.82 7.59 7.64
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 BASELINE CONDITION 
LATENCY OF POINTING RESPONSES OF BLIND 
(Measured in 0.001s) 
Subject# MEDIAN LATENCIES SD of LATENCIES
1     0.56 1.24 1.64 1.4 1.19 1.45 1.97 1.47 1.83 1.58 0.98 1.39 0.39
2     0.69 1.53 1.21 1.08 1.46 2.13 2.3 1.12 1.28 1.86 1.97 1.51 0.5
3     1.13 0.41 0.91 1.33 1.91 1.15 2.28 1.28 2.6 1.66 1.71 1.49 0.63
4     1.71 1.1 1.12 1.29 1.29 2.36 0.81 0.88 1.02 1.16 3.05 1.44 0.69
5     1.83 1.9 1.84 2.12 2.31 2.27 2.59 1.83 1.78 . 1.18 1.97 0.38
6     1.62 1.88 2.29 2.45 2.37 3.34 2.22 2.91 2.34 2.73 1.68 2.35 0.52
7     1.27 1.22 0.98 0.56 0.7 0.82 0.6 0.77 0.97 1.11 0.97 0.91 0.24
8     2 2.66 3.01 4.19 3.17 2.71 2.43 2.41 2.75 3.36 1.9 2.78 0.65
 
 
 
 
BASELINE CONDITION 
LATENCY OF POINTING RESPONSES OF SIGHTED 
(Measured in 0.001s) 
 
Subject# MEDIAN LATENCIES SD of LATENCIES
1  1.73 1.99 1.39 0.99 0.88 1.73 1.69 1.04 1.32 1.15 1.25 1.38 0.36
2  1.49 2.54 3.36 3.15 3.83 5.35 3.65 2.42 2.85 2.32 2.42 3.03 1.02
3  2.59 1.84 1.49 1.47 1.71 1.59 1.92 1.69 1.86 1.59 1.73 1.77 0.31
4  0.93 1.58 1.15 1.28 1.25 1.48 2.03 1.65 1.13 1.17 1.4 1.37 0.31
5  1.24 1.44 1.44 1.66 1.64 1.69 2.28 1.79 1.59 1.52 1.66 1.63 0.26
6  1.17 3.08 3.09 2.98 3.71 3.21 2.56 4.43 2.23 3.37 1.63 2.86 0.92
7  1.41 1.99 1.85 1.85 2.08 2.06 2.2 1.89 1.75 1.65 1.61 1.85 0.23
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